Award  Number:  DAMD17-99-1-9200 


AD 


TITLE:  Peripheral  Benzodiazepine  Receptor  in  Human  Breast  Cancer 


PRINCIPAL  INVESTIGATOR:  Vassilies  Papadopoulos ,  Ph.D. 


CONTRACTING  ORGANIZATION:  Georgetown  University  Medical  Center 

Washington,  DC  20007 


REPORT  DATE:  April  2002 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

Distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


20020913  045 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  074-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Manaqement  and  Budqet,  Paperwork  Reduction  Project  (0704-01 88).  Washington,  DC  20503 


1 .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

April  2002  Annual  (1  Apr  01  -  31  Mar  02) 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

Peripheral  Benzodiazepine  Receptor  in  Human  damdi7-99-i-9200 

Breast  Cancer 

6.  AUTHOR(S) 

Vassilios  Papadopoulos,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAMEIS)  AND  ADDRESS(ES) 

Georgetown  University  Medical  Center 

Washington,  DC  20007 

E-Mail:papadopv@Georgetown.edu 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  2 1702-50 1 2 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

Report  contains  color. 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  Words) 

In  this  IDEA  Award  we  proposed  to  test  the  hypothesis  that  the  peripheral-type  benzodiazepine  receptor  (PBR) 
may  be  used  as  a  marker  for  the  detection  and  diagnosis  of  breast  tumors  and  that  the  regulation  of  PBR 
expression/function  may  eventually  help  in  the  treatment  of  breast  cancer.  In  this  progress  report,  we  present 
evidence  that  elevated  PBR  expression  in  breast,  colon-rectum  and  prostate  tissues  is  associated  with  tumor 
progression  and  we  propose  that  PBR  overexpression  could  serve  as  a  novel  prognostic  indicator  of  an 
aggressive  phenotype  in  breast,  colorectal  and  prostate  cancers.  Moreover,  we  demonstrated  that  expression  of 
PBR  in  non-aggressive  breast  cancer  tumor  cells  results  in  increased  cell  proliferation  and  that  the  ability  of  the 
aggressive,  hormone-independent,  MDA-MB-231  human  breast  cancer  cells  to  form  tumors  in  vivo  may  depend 
on  the  amount  of  PBR  present  in  these  cells.  In  addition,  we  report  the  surprising  finding  that  the  increase  in 
PBR  expression  in  more  aggressive  cancers  is  the  result  of  both  gene  amplification  and  increased  gene 
transcription/translation. 


14.  SUBJECT  TERMS 

15.  NUMBER  OF  PAGES 

Breast  cancer 

46 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

20.  LIMITATION  OF  ABSTRACT 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

Unlimited 

NSN  7540-01 -280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


.  Award  No. ;  D AMD  17-99-1-9200 

P.I.:  Papadopoulos,  V. 

B.  TABLE  OF  CONTENTS 

Page 

Cover  1 

SF298  2 

Table  of  Contents  3 

Introduction  4 

Body  4 

Key  Research  Accomplishments  6 

Reportable  Outcomes  6 

Conclusions  7 

References  7 

Appendices  7 


3 


Award  No.:  DAMD 1 7-99- 1-9200 
P.I.:  Papadopoulos,  V. 


Introduction 

In  this  IDEA  Award  we  proposed  to  test  the  hypothesis  that  the  peripheral-type  benzodiazepine  receptor 
(PER)  may  be  used  as  a  marker  for  the  detection  and  diagnosis  of  breast  tumors  and  that  the  regulation  of 
PER  expression/function  may  eventually  help  in  understanding  the  mechanisms  involved  in  the 
progression  of  breast  cancer  and  developing  new  tools  for  the  treatment  of  the  disease.  Eased  on  our  initial 
preliminary  studies  on  human  breast  cancer  cells  (1)  we  proposed  two  aims:  (i)  examine  the  expression 
and  subcellular  localization  of  PER  in  a  panel  of  human  tumor  breast  biopsies  and  normal  breast  tissue 
biopsies  and  (ii)  determine  the  function  of  PER  in  human  breast  tumor  cell  lines.  In  this  progress  report 
we  present  preliminary  data  from  the  screening  of  the  human  biopsies  and  evidence  on  the  role  of  PER  in 
human  breast  tumor  cell  growth. 


Body 

In  the  approved  statement  of  work  we  proposed  two  tasks: 

1.  Analyze  the  expression  and  subcellular  localization  of  PER  in  human  tumor  breast  biopsies. 

2.  Determine  the  structure/function  of  PER  in  human  breast  tumor  cell  lines. 

1.  Expression  of  Peripheral  Benzodiazepine  Receptor  (PBR)  in  Human  Tumors:  Relationship  to 
Breast,  Colorectal  and  Prostate  Tumor  Progression  (Appendix  1) 

High  levels  of  peripheral-type  benzodiazepine  receptor  (PBR),  the  alternative-binding  site  for  diazepam,  are 
part  of  the  aggressive  human  breast  cancer  cell  phenotype  in  vitro.  We  examined  PBR  levels  and  distribution 
in  normal  tissue  and  tumors  from  multiple  cancer  types  by  immunohistochemistry.  Among  normal  breast 
tissues,  fibroadenomas,  primary  and  metastatic  adenocarcinomas,  there  is  a  progressive  increase  in  PBR 
levels  parallel  to  the  invasive  and  metastatic  ability  of  the  tumor  (p<0.0001).  In  agreement  with  these  protein 
data,  breast  tumors  showed  increased  PBR  mRNA  levels  compared  with  normal  breast  tissue.  We  then 
examined  whether  the  correlation  between  PBR  levels  and  aggressive  tumor  phenotype  was  restricted  to 
breast  tissue.  In  colorectal  and  prostate  carcinomas,  PBR  levels  were  also  higher  in  tumor  than  in  the 
corresponding  non-tumoral  tissues  and  benign  lesions  (p<0.0001).  In  contrast,  PBR  was  highly  concentrated 
in  normal  adrenal  cortical  cells  and  hepatocytes,  whereas  in  adrenocortical  tumors  and  hepatomas  PBR  levels 
were  decreased.  Moreover,  malignant  skin  tumors  showed  decreased  PBR  expression  compared  with  normal 
skin.  These  results  indicate  that  elevated  PBR  expression  is  not  a  common  feature  of  aggressive  tumors,  but 
rather  may  be  limited  to  certain  cancers,  such  as  those  of  breast,  colon-rectum  and  prostate  tissues,  where 
elevated  PBR  expression  is  associated  with  tumor  progression.  Thus,  we  propose  that  PBR  overexpression 
could  serve  as  a  novel  prognostic  indicator  of  an  aggressive  phenotype  in  breast,  colorectal  and  prostate 
cancers. 

A  manuscript  describing  in  detail  these  findings  has  been  submitted  for  publication  (Appendix  1). 

We  are  in  the  process  of  evaluating  the  subcellular  distribution  of  the  receptor  and  its  relationship  to  the 
aggressive  phenotype  of  the  tissues. 


2a.  Peripheral-type  Benzodiazepine  Receptor  Levels  Correlate  with  the  Ability  of  Human  Breast 
Cancer  MDA-MB-231  Cell  Line  to  Grow  in  SCID  Mice  (Appendix  2) 
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MDA-MB-231  (MDA-231)  human  breast  cancer  cells  have  a  high  proliferation  rate,  lack  the  estrogen 
receptor,  express  the  intermediate  filament  vimentin,  the  hyaluronan  receptor  CD44,  and  are  able  to  form 
tumors  in  nude  mice.  The  MDA-231  cell  line  has  been  used  in  our  laboratory  to  examine  the  role  of  the 
peripheral-type  benzodiazepine  receptor  (PBR)  in  the  progression  of  cancer.  During  these  studies  two 
populations  of  MDA-231  cells  were  subcloned  based  on  the  levels  of  PBR.  The  subclones  proliferated  at 
approximately  the  same  rate,  lacked  the  estrogen  receptor,  expressed  vimentin  and  CD44,  and  had  the  same 
in  vitro  chemoinvasive  and  chemotactic  potential.  Both  restriction  fragment  length  polymorphism  and 
comparative  genomic  hybridization  analyses  of  genomic  DNA  from  these  cells  indicated  that  both  subclones 
are  of  the  same  genetic  lineage.  However,  only  the  subclone  with  high  PBR  levels  was  able  to  form  tumors 
when  injected  in  SCID  mice.  These  data  suggest  that  the  ability  of  MDA-231  cells  to  form  tumors  in  vivo 
may  depend  on  the  amount  of  PBR  present  in  the  cells. 

A  manuscript  describing  in  detail  these  findings  has  been  submitted  for  publication  (Appendix  2). 


2b.  Peripheral-type  Benzodiazepine  Receptor  (PBR)  Gene  Ampliflcation  in  MDA-MB-231 
Aggressive  Breast  Cancer  Cells  (Appendix  3) 

Our  previous  studies  using  human  breast  cancer  cell  lines,  and  present  studies  using  animal  models 
and  human  tissue  biopsies  have  suggested  a  close  correlation  between  the  expression  of  the  peripheral-type 
benzodiazepine  receptor  (PBR)  and  the  progression  of  breast  cancer.  Although  we  previously  reported  a 
dramatic  increase  in  PBR  mRNA  levels  parallel  to  the  aggressive  phenotype  of  the  breast  cancer  cells 
(Hardwick  et  al..  Cancer  Research,  1999,  59:831-842),  we  examined  the  possibility  that  gene  amplification 
may  also  be  one  of  the  reasons  of  increased  PBR  protein  levels  in  aggressive  breast  tumor  cells  and  tissue 
biopsies.  We  investigated  the  genetic  status  of  the  PBR  gene  in  two  human  breast  cancer  cell  lines:  MDA- 
MB-231  cells,  which  are  an  aggressive  hreast  cancer  cell  line  that  contains  high  levels  of  PBR,  and  MCF-7 
cells,  which  are  a  non-aggressive  cell  line  that  contains  low  levels  of  PBR.  Both  DNA  (Southern)  blot  and 
fluorescence  in  situ  hybridization  (FISH)  analyses  indicated  that  the  PBR  gene  is  amplified  in  MDA-MB-231 
relative  to  MCF-7  cells.  These  unexpected  data  suggest  that  PBR  gene  amplification  may  be  an  important 
indicator  of  breast  cancer  progression. 

A  manuscript  describing  in  detail  these  findings  has  been  submitted  for  publication  (Appendix  3). 


2c.  Transfection  of  exogenous  PBR  to  non-aggressive  human  breast  cancer  cells  alters  their 
proliferation  rate. 

We  have  previously  shown  that  the  MCF-7  human  breast  cancer  cell  line  contains  extremely  low  levels  of 
PBR  (  Hardwick  et  al..  Cancer  Research,  1999,  59:831-842).  To  further  investigate  the  function  of  PBR  in 
cell  proliferation  we  transfected  the  MCF-7  derivative  cell  line  MCF-7  Tet-Off  (MCF-7  TO)  (Clontech,  La 
Jolla,  CA)  with  the  full-length  human  PBR  cDNA. 

For  these  studies,  8x10^  MCF-7  TO  cells  were  co-transfected  with  40pg  of  either  the  pBI-EGFP  vector  alone 
or  pBI-EGFP  containing  the  human  PBR  cDNA  and  2pg  of  the  pTK-Hyg  veetor  via  electroporation  (220V, 
950pF).  pBI-EGFP  is  a  bi-directional  expression  vector  from  Clontech  (La  Jolla,  CA)  possessing  both  the 
enhanced  green  fluoreseent  protein  cDNA  and  a  multi-cloning  sequence  under  the  expression  of  a  bi¬ 
directional  minimal  cytomegalovirus  promoter.  The  pTK-Hyg  vector  (Clontech,  La  Jolla,  CA)  confers 
hygromycin  resistance  and  acts  as  a  negative  selection  marker  in  this  study.  After  eleetroporation,  cells  were 
plated  on  10  X  100mm  polystyrene  culture  dishes  in  Dulbecco’s  modified  Eagle  medium  (DMEM),  10%  fetal 
bovine  serum  (FBS)  without  antibiotics  for  two  days  at  37°C,  6%  CO2.  The  cells  were  then  maintained  in 
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DMEM,  10%  FBS  supplemented  with  lOOpg/ml  hygromycin  and  Ipg/ml  doxycyclin  (Dox).  After  several 
weeks,  colonies  over  2mm  in  size  were  isolated  and  amplified  in  DMEM,  10%  FBS  supplemented  with 
lOOpg/ml  hygromycin  and  Ipg/ml  Dox. 

Transfection  of  PBR  into  the  MCF-7  TO  cell  line,  a  cell  line  with  low  PBR  expression  (0.76pmol/mg 
protein),  yielded  a  10-fold  higher  expression  of  PBR  that  was  completely  abrogated  with  the  repressor  Dox. 
Induced  expression  of  PBR  (MIPl  cells),  achieves  maximal  PBR  ligand  binding  of  4.9pmol/mg  protein.  The 
ligand  binding  affinities  are  identical  for  both  cell  lines  (1.2nM).  Further,  the  resultant  MIPl  cell  line  had  a 
much  greater  proliferation  rate  than  did  the  MCF-7  TO  cell  line,  demonstrating  the  role  of  PBR  in  cell 
proliferation.  As  with  ligand  binding,  cell  proliferation  returned  to  normal  in  the  presence  of  the  repressor 
Dox  (Figure  1).  Further  characterization  of  these  clones  in  tumor  invasion  and  metastasis  models  is  in 
progress. 


Figure  1 .  Cell  Proliferation  Curves  for  MCF-7  TO  and 
MIPl  Cells.  Six  day  growth  curves  were  obtained  for 
the  MCF-7  TO  and  MIPl  cells  in  the  presence  and 
absence  of  l.Opg/ml  Dox.  Cells  were  incubated  at 
37°C,  6%  COj.  Media  with  or  without  Dox  was 
changed  every  2  days.  Cells  were  stained  with  Crystal 
Violet.  The  experiment  was  performed  three  times 
with  eight  replications  for  each  cell  line. 


Key  Research  Accomplishments 

We  could  summarize  the  following  observations  as  the  key  research  accomplishments  of  this  funding  period: 

•  Elevated  PBR  expression  is  not  a  common  feature  of  aggressive  tumors,  but  rather  may  be  limited  to 
certain  cancers,  such  as  those  of  breast,  colon-rectum  and  prostate  tissues,  where  elevated  PBR 
expression  is  associated  with  tumor  progression.  Thus,  we  propose  that  PBR  overexpression  could 
serve  as  a  novel  prognostic  indicator  of  an  aggressive  phenotype  in  breast,  colorectal  and  prostate 
cancers. 

•  The  ability  of  the  aggressive,  hormone-independent,  MDA-MB-231  cells  to  form  tumors  in  vivo 
may  depend  on  the  amount  of  PBR  present  in  the  cells. 

•  It  appears  that  the  increase  in  PBR  expression  in  more  aggressive  cancers  is  the  result  of  both  gene 
amplification  and  increased  gene  transcription/translation. 

•  Expression  of  PBR  in  non-aggressive  breast  cancer  tumor  results  in  increased  cell  proliferation  rates. 

Reportable  Outcomes 

•  Hardwick  M,  Rone  J,  Han  Z,  Haddad  B,  Papadopoulos  V  (2001)  Peripheral-type  benzodiazepine 
receptor  levels  correlate  with  the  ability  of  human  breast  cancer  MDA-MB-23 1  cell  line  ability  to 
grow  in  SCID  mice.  International  Journal  of  Cancer,  94:322-327. 
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•  Hardwick  M,  Rone  J,  Barlow  K,  Haddad  B,  Papadopoulos  V  (2002)  Peripheral-type 
benzodiazepine  receptor  (PBR)  gene  amplification  in  MDA-231  aggressive  breast  cancer  cells. 
Cancer  Genetics  &  Cytogenetics,  under  revision. 

•  Han  Z,  Slack  S  R,  Papadopoulos  V  (2002)  Expression  of  peripheral  benzodiazepine  receptor  (PBR) 
in  human  tumors:  relationship  to  breast,  colon  and  prostate  tumor  progression.  Manuscript  submitted. 

•  Han  Z,  Slack  RS,  Papadopoulos  V  (2002)  Peripheral  benzodiazepine  receptor  levels  correlate  with 
breast  and  other  tumor  progression  and  metastasis.  Era  of  Hope  2002  Department  of  Defense 
Breast  Cancer  Research  Program  Meeting.,  Florida,  USA. 


Conclusions 

In  this  progress  report  we  present  preliminary  data  from  the  screening  of  the  human  biopsies  and  evidence  on 
the  role  of  PBR  in  human  breast  tumor  cell  growth.  These  data  indicate  that  aggressive,  metastatic  breast 
tumors  contain  higher  levels  of  PBR  compared  to  normal  breast  tissue.  In  these  tumors  PBR  is  preferentially 
localized  around  and  in  the  nucleus.  We  also  demonstrated  that  the  ability  of  aggressive  MDA-231  human 
breast  cancer  cells  to  form  tumors  in  vivo  correlates  with  the  amount  of  PBR  present  in  the  cells.  In  an  effort 
to  characterize  the  breast  tumor  PBR,  we  uncovered  two  populations,  the  well-known  18  kDa  protein  and  a 
40-44  kDa  fusion  protein  of  PBR  and  nucleophosmin. 

During  the  next  funding  period  we  will  continue  on  with  the  screening  of  human  breast  cancer  biopsies  and 
the  characterization  of  breast  tumor  PBR  protein(s). 


Appendices 

1 .  Han  Z,  Slaek  S  R,  Papadopoulos  V  (2002)  Expression  of  peripheral  benzodiazepine  receptor  (PBR) 
in  human  tumors:  relationship  to  breast,  colon  and  prostate  tumor  progression.  Manuscript  submitted. 

2.  Hardwick  M,  Rone  J,  Han  Z,  Haddad  B,  Papadopoulos  V  (2001)  Peripheral-type  benzodiazepine 
receptor  levels  correlate  with  the  ability  of  human  breast  cancer  MDA-MB-231  cell  line  ability  to 
grow  in  SCID  mice.  International  Journal  of  Cancer,  94:322-327. 

3.  Hardwick  M,  Rone  J,  Barlow  K,  Haddad  B,  Papadopoulos  V  (2002)  Peripheral -type  benzodiazepine 
receptor  (PBR)  gene  amplification  in  MDA-23 1  aggressive  breast  cancer  cells.  Cancer  Genetics  & 
Cytogenetics,  under  revision. 
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Abstract 


High  levels  of  peripheral-tj^e  benzodiazepine  receptor  (PBR),  the  alternative-binding  site  for 
diazepam,  are  part  of  the  aggressive  human  breast  cancer  cell  phenotype  in  vitro.  We  examined 
PBR  levels  and  distribution  in  normal  tissue  and  tumors  from  multiple  cancer  types  by 
immunohistochemistry.  Among  normal  breast  tissues,  fibroadenomas,  primary  and  metastatic 
adenocarcinomas,  there  is  a  progressive  increase  in  PBR  levels  parallel  to  the  invasive  and 
metastatic  ability  of  the  tumor  (p<0.0001).  In  colorectal  and  prostate  carcinomas,  PBR  levels 
were  also  higher  in  tumor  than  in  the  corresponding  non-tumoral  tissues  and  benign  lesions 
(p<0.0001).  In  contrast,  PBR  was  highly  concentrated  in  normal  adrenal  cortical  cells  and 
hepatocytes,  whereas  in  adrenocortical  tumors  and  hepatomas  PBR  levels  were  decreased. 
Moreover,  malignant  skin  tumors  showed  decreased  PBR  expression  compared  with  normal 
skin.  These  results  indicate  that  elevated  PBR  expression  is  not  a  common  feature  of  aggressive 
tumors,  but  rather  may  be  limited  to  certain  cancers,  such  as  those  of  breast,  colon-rectum  and 
prostate  tissues,  where  elevated  PBR  expression  is  associated  with  tumor  progression.  Thus,  we 
propose  that  PBR  overexpression  could  serve  as  a  novel  prognostic  indicator  of  an  aggressive 
phenotype  in  breast,  colorectal  and  prostate  cancers. 
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Introduction 


Two  classes  of  benzodiazepine  receptors  have  been  identified,  the  central-type  benzodiazepine 
receptor  located  on  the  neuronal  plasma  membrane,  part  of  the  GABAA/benzodiazepine  receptor 
complex  (1)  and  the  peripheral-type  benzodiazepine  receptor  (PBR)^  (2).  PBR  was  identified  in 
peripheral  tissues  because  of  its  ability  to  bind  the  benzodiazepine  diazepam  (valium™)  (2).  The 
pharmacological  and  molecular  properties  of  these  two  receptors  are  distinct  (2).  PBR  is  an  18 
kDa  receptor  protein  which  in  steroid-synthesizing  tissues,  such  as  gonads,  adrenal,  placenta  and 
brain,  is  extremely  abundant.  PBR  primarily  resides  in  the  outer  mitochondrial  membrane  where 
it  regulates  the  transport  of  cholesterol  to  the  mitochondrial  inner  membrane,  the  rate¬ 
determining  step  in  steroidogenesis  (2).  Recent  studies  demonstrated  that  PBR  is  a  high  affinity 
cholesterol  binding  protein  (3,4).  PBR  is  also  present  in  non-steroidogenic  organs  including 
kidney,  lung,  heart,  liver  and  skin  (2).  In  addition,  it  has  been  shown  that  PBR  is  involved  in 
mitochondrial  respiration  (5),  regulation  of  cell  proliferation  (6)  and  apoptosis  (7). 

PBR  ligand  binding,  protein  and  mRNA  levels  were  found  to  increase  in  a  manner  parallel  to  the 
increased  aggressive  phenotype  of  a  battery  of  human  breast  tumor  cells  (8,9).  PBR  in  aggressive 
MDA-MB-231  cells  and  human  breast  metastatic  tumor  biopsies  is  localized  primarily  in  and 
around  the  nucleus,  in  contrast  to  the  largely  cytoplasmic  localization  seen  in  less  aggressive 
MCF7  cells  and  in  normal  breast  tissue  (8).  Moreover,  the  ability  of  MDA-MB-231  cells  to  form 
tumors  in  vivo  depends  on  the  amount  of  PBR  present  in  the  cells  (10).  In  addition,  drug-induced 
reduction  of  PBR  levels  in  MD A-MB-23 1  cells  was  accompanied  by  reduced  expression  of 
several  genes  with  close  ties  to  either  cell  proliferation,  differentiation,  or  apoptosis  and 
correlated  with  reduced  cell  proliferation  in  vitro  and  tumor  growth  in  nude  mice  (1 1). 

Although  there  is  evidence  that  PBR  ligand  binding  capacity  is  higher  in  human  tumors,  such  as 
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glioma,  liver,  colon,  ovarian  and  endometrial  carcinoma,  than  in  the  corresponding  normal  tissue 
(6,8,12-15),  there  is  no  indication  that  this  increased  PBR  expression  correlates  with  increased 
tumor  progression  and  metastasis  and  no  data  on  the  expression  of  PBR  in  human  breast,  lung, 
skin,  adrenal,  testis  and  prostate  tumors  is  available.  In  this  report,  we  examined  the  expression 
of  PBR  in  primary  and  metastatic  human  malignant  tumor  biopsies  compared  with  corresponding 
normal  tissue,  benign  lesions  and  with  or  without  vicinal  non-tumoral  tissues.  In  addition,  the 
correlation  between  PBR  expression  and  tumor  metastasis  was  evaluated.  Our  results  show  that 
elevated  PBR  expression  is  associated  with  breast,  colorectal  and  prostate  tumor  progression. 


Materials  and  Methods 

Human  biopsies.  Human  biopsies  were  obtained  from  Lombardi  Cancer  Center  Tissue  Resource 
at  Georgetown  University  Medical  Center,  the  Harvard  Brain  Tissue  Resource  Center  (Belmont, 
MA)  or  ResGen  (Huntsville,  AL).  Pathologists  verified  histological  diagnosis  and  grading. 
Protocols  for  the  use  of  human  tissue  were  approved  by  the  Georgetown  University  Internal 
Review  Board.  All  samples  were  fixed  in  10%  formalin  and  embedded  with  paraffin.  Spm 
sections  were  cut  and  placed  on  glass  slides. 

Immunohistochemistry.  All  sections  were  deparaffinized  and  immunostaining  was  performed 
using  an  affinity-purified  anti-peptide  rabbit  polyclonal  anti-PBR  antiserum  raised  against  the 
conserved  amino  acid  sequence  9-27  at  a  concentration  of  1:400  (3).  Immunoreactivity  was 
detected  using  horseradish  peroxidase-conjugated  anti-rabbit  IgG  (1:500)  (Transduction 
Laboratories,  San  Diego,  CA).  For  the  negative  control,  the  primary  antibody  was  replaced  by 
10%  calf  serum  in  PBS  or  preabsorbed  with  the  PBR  peptide  used  to  generate  the  antiserum. 
Counterstaining  was  carried  out  with  Mayer’s  hematoxylin  (Sigma  Diagnostics,  St.  Louis,  MO). 
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Immunoreactivity  was  evaluated  by  staining  intensity.  PBR  expression  was  evaluated  by  -  (no 
staining  or  occasional  cells  stained),  +  (weak  staining),  ++  (moderate  staining),  +++  (strong 
staining)  and  ++++  (intense  staining). 

Semiquantitative  RT-PCR.  Pooled  human  normal  brain,  breast  and  colon  tissue  and 
corresponding  tumor  cDNAs  were  purchased  from  ResGen.  PCR  was  carried  out  using  the 
displayTAQ-Complete  kit  (Display  System  Biotech,  Gaithersburgh,  MD).  Primers  used  for  PCR 
amplification  were  as  follows;  (i)  for  PBR,  sense  5’-  ATGGGGTACGGCTCCTACCTGGTC 
and  antisense  5’-TCACTCTGGCAGCCGCCGTCCCCC  synthesized  by  Bio-Synthesis  Inc. 
(Lewisville,  TX)  (ii)  for  human  p-actin,  used  as  a  control,  primers  (sense  5’- 
TGACGGGGTCACCCACACTGTGCCCATCTA  and  antisense  5’- 

CATGAAGCATTTGCGGTGGACGATGGAGGG)  were  obtained  from  Stratagene  (La  Jolla, 
CA).  In  a  25|j,l  volume,  samples  were  denatured  at  95°  for  2  min  (PBR)  or  94°  for  5  min  (p- 
actin)  and  then  subjected  to  5  cycles  of  95°  for  20  sec,  65°  for  15  sec  and  72°  for  1  min  (PBR). 
Amplification  was  carried  out  for  19  cycles  (PBR)  or  18  cycles  (P-actin)  at  95°  for  20  sec,  62° 
for  15  sec  and  72°  for  1  min  (PBR)  or  94°  for  45  sec,  60°  for  45  sec  and  72°  for  90  sec  (P-actin) 
using  a  Bio-Rad  iCycler  (Hercules,  CA).  At  the  end  of  the  cycles,  the  mixture  was  heated  at  72° 
for  10  mins.  PCR  products  were  separated  on  10%  agarose  gel  containing  Ipg/ml  ethidium 
bromide.  DNA  bands  were  then  scanned  and  analyzed  by  OptiQuant  Acquisition  and  Analysis 
software  (Packard  Bioscience,  Meridien,  CT). 

Statistical  analysis.  A  pattern  of  increasing  or  decreasing  PBR  expression  over  increasing 
severity  of  histopathological  types  was  tested  within  each  organ  using  the  exact  Jonckheere- 
Terpstra  test  (16)  as  implemented  in  StatXact  (17).  The  organs  are  breast,  brain,  colon-rectum, 
lung,  ovary,  prostate,  skin,  adrenal,  liver  and  testis  cancers.  With  10  organs  being  tested,  a 
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Bonferroni  adjustment  was  used  to  control  for  multiple  tests.  PBR  expression  was  considered  to 
be  significantly  associated  with  histopathological  severity  if  the  /?-value  was  less  than  0.005 
(0.05/10  organs).  Since  these  are  preliminary  analyses,  any  organ  with  a  />-value  less  than  0.05 
was  considered  interesting  for  further  investigation  of  this  relationship. 


Results  and  Discussion 

We  examined  the  expression  of  PBR  in  10  types  of  human  malignant  tumor  biopsies  compared 
with  corresponding  non-tumoral  tissues  and  benign  lesions.  PBR  is  constitutively  present,  at 
various  expression  levels,  in  all  tissues  examined  (Fig.  1;  Table  1).  Both  nuclear  and  cytoplasmic 
pattern  of  staining  were  observed. 

Breast  PBR  expression  levels  (Figs.  A1-A4)  increased  noticeably  with  increasing  severity  of 
breast  lesion  histopathology  (p<0.0001).  Non-tumoral,  fibroadenoma  and  adenosis  cases  were 
very  similar  with  about  40%  of  cases  with  weak  expression  (+)  and  about  60%  with  moderate 
expression  (++).  Primary  adenocarcinoma  samples  contained  3  (33%)  cases  with  weak  (+),  and  4 
(45%)  with  moderate  expression  (++)  and  2  (22%)  with  strong  staining  (+++).  The  metastatic 
cases  had  only  9  (39%)  with  moderate  staining  and  14  (61%)  with  strong  staining.  These  data 
show  that  higher  levels  of  PBR  expression  are  present  in  aggressive  breast  tumor  cells.  Non- 
tumoral  tissue,  fibroadenoma  and  adenosis  tissues  gave  nearly  identical  results,  with  increasing 
expression  in  primary  adenocarcinoma  and  even  more  in  metastatic  adenocarcinoma.  These  data 
are  in  agreement  with  in  vitro  studies  on  human  breast  cancer  cell  lines  showing  that  PBR 
protein  and  drug  ligand  binding  capacity  were  increased  in  aggressive  breast  cancer  cells  relative 
to  non-aggressive  cells  (8,9).  Moreover,  these  results  also  agree  with  data  showing  that  the 
ability  of  aggressive  breast  tumor  cells  to  form  tumors  in  vivo  might  depend  on  the  amount  of 
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PBR  present  in  the  cells  (10).  Although  in  most  cells  PBR  is  primarily  located  in  the 
mitochondria,  a  perinuclear/nuclear  localization  has  been  described  in  aggressive  breast  cancer 
and  glioma  cell  lines  (8,18).  In  the  present  study,  both  nuclear  and  cytoplasmic  staining  were 
observed.  In  agreement  with  these  protein  data  and  the  in  vitro  cell  data  (8),  breast  tumors 
showed  increased  PBR  mRNA  levels  compared  with  normal  breast  tissue  (Fig.  2). 

PBR  expression  in  aggressive  colorectal  carcinomas  (Figs.  B1-B5)  is  significantly  different  from 
non-tumoral  tissue  and  benign  lesions  (p<0.0001)  and  similar  to  that  observed  in  breast  cancer. 
All  of  the  non-tumoral  colorectal  tissues  presented  only  weak  (+)  PBR  staining.  Adenoma  and 
primary  adenocarcinoma  samples  showed  60%  and  67%  moderate  (+-!-)  expression,  respectively. 
Ten  (47%)  of  the  metastatic  adenocarcinoma  samples  were  intensely  stained  (++++),  with  only  2 
(10%)  with  weak  expression.  These  data  are  in  agreement  with  earlier  studies  reporting  increased 
PBR  drug  ligand  binding  sites  in  colon  adenocarcinomas  as  compared  to  normal  human  colon 
(19).  This  increase  of  PBR  in  colorectal  adenocarcinoma  could  be  related  to  the  role  of 
benzodiazepines  in  relaxing  smooth  muscle  contractions  (19),  which  may  cause  slow  passage  of 
bowel  contents  with  which  colon  cancer  is  associated.  At  the  mRNA  level  (Fig.  2),  however,  the 
correlation  does  not  appear  to  be  so  significant.  One  explanation  is  that  there  could  be  a 
difference  of  translational  regulation  of  PBR  expression  between  non-tumoral  tissue  and 
malignant  carcinoma. 

Brain  tissue  samples  measured  for  PBR  expression  show  a  small  trend  indicating  increased 
expression  among  GBM  and  astrocytomas  (Fig.  D1-D4).  All  three  of  the  non-tumoral  tissue 
samples  showed  weak  PBR  expression,  while  9  (75%)  of  the  GBM  and  astrocytoma  samples  had 
no  staining  (-),  with  1  (8%)  and  2  (17%)  cases  with  weak  (+)  and  moderate  (+-H)  expression, 
respectively.  Immunoreactive  PBR  was  found  in  the  nuclei  of  the  neurons  and  cjdoplasm  of  glial 
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cells  with  weak  strength  in  normal  brain,  whereas  its  expression  increases  in  the  group  of  GBM 
and  astrocytoma.  This  trend  is  also  consistent  with  the  increased  PBR  mRNA  levels  in  brain 
tumors  (Fig.  2).  These  results  suggest  that  PBR  is  expressed  constitutively  at  low  level  until  the 
onset  of  the  tumor.  It  has  been  suggested  that  PBR  expression  is  associated  with  the  malignancy 
grade  of  astrocytoma  and  affect  the  life  expectancy  of  tumor-bearing  patients  (6). 

To  the  best  of  our  knowledge,  there  has  been  no  report  about  the  correlation  between  normal 
lung  and  lung  tumor  PBR  levels.  All  10  normal  lung  tissues  (Fig.  El)  showed  weak  expression 
(+),  while  half  (4  cases)  of  the  adenocarcinomas  had  weak  (+)  and  half  moderate  staining  (++) 
(Fig.  E2).  This  difference  is  significant  (p=0.02)  and  although  it  suggests  that  PBR  might  be 
involved  in  the  progression  of  lung  cancer,  further  investigation  is  required. 

There  were  no  notable  differences  between  the  normal  ovarian  tissue  and  ovarian  carcinomas 
(p>0.99),  although  this  analysis  was  hampered  by  the  availability  of  normal  tissue  samples  (Fig. 
Cl).  The  majority  of  tumor  samples  express  PBR  with  40%  weak  staining,  25%  moderate 
staining  and  20%  strong  and  intense  staining,  respectively  (Figs.  C2  &  C3).  As  the  fourth  leading 
cause  of  death  in  women,  epithelial  ovarian  carcinoma  is  usually  diagnosed  in  advanced  stages. 
However,  it  has  been  reported  that  a  robust  increase  in  the  number  of  PBR  binding  sites  in 
ovarian  carcinoma  occurs  when  compared  with  benign  ovarian  tumors  and  normal  tissues  (14). 
Thus,  it  is  still  not  clear  whether  PBR  expression  correlates  with  the  progression  of  ovarian 
neoplasm. 

PBR  immunoreactivity  was  seen  in  all  the  prostatic  tissues  (Fig.  Jl)  examined,  but  differed 
significantly  between  BPH  samples  and  adenocarcinomas  (p<0.0001).  BPH  cases  (Fig.  J2) 
exhibited  mostly  weak  (+)  staining  (67%)  with  some  moderate  staining  (++).  Adenocarcinoma 
cases  (Fig.  J3)  had  moderate  (++),  2  cases  (13%),  strong  (+++),8  cases  (50%),  and  intense 
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(++++),  6  cases  (37%),  staining.  These  results  indicate  a  strong  correlation  between  PBR  levels 
and  prostate  histopathology.  Thus,  PBR  may  be  considered  as  one  parameter  along  with  prostatic 
specific  antigen  and  prostate-specific  acid  phosphatase  (20)  in  the  diagnosis  of  prostatic 
adenocarcinoma.  It  has  been  reported  that  PBR  drug  ligand  binding  is  present  in  both 
mitochondrial  and  microsomal  fractions  of  Dunning  G  prostatic  adenocarcinomas  from 
orchiectomized  rats  compared  to  tumors  from  sham  operated  controls.  Treatment  with 
testosterone  repressed  PBR  drug  ligand  binding  in  both  fractions  to  control  values,  suggesting  a 
role  of  testosterone  on  the  PBR  density  in  these  hormone-sensitive  prostatic  tumors  (21).  Even 
though  it  is  known  that  hormones  regulate  PBR  levels,  the  molecular  mechanisms  involved  in 
the  regulation  of  PBR  during  tumor  progression  remain  unknown.  In  contrast  to  the  increased 
PBR  levels  observed  in  the  epithelial  tumors  from  breast,  colon-rectum,  prostate  and  lung,  the 
opposite  results  were  found  in  the  tumors  of  skin,  liver,  adrenal  and  testis. 

Normal  skin  tissue  and  less  aggressive  tumors  have  significantly  (p=0.002)  higher  levels  of 
staining  compared  to  more  advanced  or  malignant  tissues  (Fig.  Gl).  Normal  tissue  showed  PBR 
nuclear  immunostaining  ranging  from  weak  (+,  66%),  to  moderate  (++,  17%)  and  to  strong  (+++, 
17%)  intensity,  in  agreement  with  a  recent  report  (22),  while  basal  cell  carcinoma  samples  (Fig. 
G2)  had  mostly  (86%)  moderate  (++)  staining  and  the  rest  had  weak  (-I-)  expression.  Squamous 
cell  carcinoma  PBR  immunostaining  (Fig.  G4)  was  mostly  weak  (-I-,  90%).  Melanoma  cases  (Fig. 
G3)  also  presented  mostly  (86%)  weak  (+)  staining.  These  data  indicate  that  PBR  is  expressed  at 
higher  levels  in  the  nucleus  of  skin  epidermal  cells  whereas  its  expression  level  decreased  in  the 
corresponding  tumors.  It  has  been  suggested  that  PBR  may  participate  in  an  antioxidant  pathway 
in  normal  skin  epidermal  cells  (22). 

Table  1  presents  information  about  the  levels  of  PBR  expression  present  in  adrenal  (Fig.  FI), 
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liver  (Fig.  HI)  and  testis  (Fig.  II)  tissues  and  their  respective  malignancies  (Figs.  F2,  H2  &  12). 
The  trend  observed  suggests  that  PER  is  expressed  at  high  levels  in  normal  adrenal  cortical  cells, 
hepatocytes  and  Leydig  cells  as  well  as  germ  cells  (although  in  reduced  levels)  of  testis,  whereas 
its  presence  decreased  in  their  corresponding  tumors  accompanied  with  an  exclusive  nuclear 
staining  in  adrenal  tumors  and  hepatocellular  carcinomas.  However,  there  were  not  enough 
samples  to  evaluate  convincingly  the  statistical  significance  of  these  data.  The  present  findings 
with  liver  tumors  do  not  support  the  observation  showing  upregulation  of  PER  expression  in 
human  hepatocellular  carcinoma  (12). 

In  conclusion,  among  breast,  colorectal  and  prostate  carcinomas,  PER  expression  dramatically 
increases  compared  to  their  non-malignant  counterparts.  Metastatic  breast  and  colorectal 
adenocarcinomas  manifest  increased  PER  expression  relative  to  their  primary  malignancies. 
Erain,  lung  and  ovarian  tumors  show  a  small  trend  in  which  malignant  tumors  express  more  PER 
than  the  corresponding  non-tumoral  tissues.  We  also  observed  that  PER  is  present  in  high  levels 
in  the  c3doplasm  of  normal  adrenocortical  cells  and  hepatocytes,  whereas  PER  levels  are  lower 
in  cortical  adenoma,  adenocarcinoma  and  hepatocellular  carcinomas  where  it  primarily  localizes 
in  the  nuclei.  PER  levels  are  higher  in  the  epidermal  cells  of  normal  skin  than  in  skin  basal  cell 
carcinomas,  squamous  cell  carcinomas  and  melanomas.  Testis  seminomas  show  varied  levels  of 
PER  expression  while  the  Leydig  cells  and  germ  cells  contain  PER  at  very  high  and  moderate 
levels,  respectively.  Despite  the  limited  number  of  certain  normal  samples,  these  data  provide  a 
basis  to  study  the  predictive  value  of  PER  expression  in  assessing  the  progression  of  the  disease 
and  the  efficacy  of  various  treatments.  In  addition,  recent  data  showed  the  induction  of  apoptosis 
and  cell  death  in  various  cancer  cell  lines  by  pharmacological  concentrations  of  high  affinity 
PER  drug  ligands  (8,  23-25).  Taken  together,  these  results  support  further  efforts  on  the 
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evaluation  of  PBR  as  a  predictive  means  of  breast,  colorectal  and  prostatic  tumor  progression 
and  the  use  of  these  drugs  as  anti-tumor  agents  in  clinical  trials. 
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Table  1.  Comparison  of  PBR  expression  in  human  tumors  and  nonneoplastic  tissue  biopsies. 


Histopathological 

PBR 

Tissue 

Type 

Cases 

- 

+ 

+4- 

-b-h+ 

-b-b++ 

p  value 

N  (%) 

N  (%) 

N  (%) 

N  (%) 

N  (%) 

Breast 

Non-tumoral  tissue 

8 

3(38) 

5(62) 

<0.0001 

Fibroadenoma,  Adenosis 

22 

- 

9(41) 

13(59) 

- 

- 

Primary  adenocarcinoma 

9 

- 

3(33) 

4(45) 

2(22) 

- 

Metastatic  adenocarcinoma 

23 

- 

- 

9(39) 

14(61) 

- 

Brain 

Non-tumoral  tissue 

3 

3(100) 

. 

_ 

_ 

0.25 

GBM,  Astrocytoma 

12 

- 

6(50) 

3(25) 

1(8) 

2(17) 

Colon 

Non-tumoral  tissue 

6 

6(100) 

- 

_ 

_ 

<0.0001 

Adenoma 

10 

1(10) 

2(20) 

6(60) 

1(10) 

- 

Primary  adenocarcinoma 

12 

- 

1(8) 

8(67) 

2(17) 

1(8) 

Metastatic  adenocarcinoma 

21 

- 

2(10) 

5(24) 

4(19) 

10(47) 

Lung 

Non-tumoral  tissue 

10 

10(100) 

. 

_ 

0.02 

Adenocarcinoma 

8 

- 

4(50) 

4(50) 

- 

- 

Ovary 

Normal  tissue 

1 

1(100) 

. 

. 

_ 

>0.99 

Adenocarcinoma 

20 

3(15) 

8(40) 

5(25) 

3(15) 

1(5) 

Prostate 

BPH 

15 

10(67) 

5(33) 

. 

_ 

<0.0001 

Adenocarcinoma 

16 

- 

- 

2(13) 

8(50) 

6(37) 

Skin 

Normal  tissue 

6 

. 

4(66) 

1(17) 

1(17) 

_ 

0.002 

Basal  cell  carcinoma 

7 

- 

1(14) 

6(86) 

- 

- 

Squamous  cell  carcinoma 

10 

- 

9(90) 

1(10) 

- 

- 

Melanoma 

7 

1(14) 

6(86) 

- 

“ 

- 

Adrenal 

Normal  tissue 

1 

. 

. 

1(100) 

0.40 

Cortical  adenoma 

3 

- 

- 

3(100) 

- 

- 

Cortical  carcinoma 

1 

- 

- 

1(100) 

- 

- 

Liver 

Normal  tissue 

1 

. 

. 

. 

1(100) 

0.57 

Hepatocellular  carcinoma 

13 

3(22) 

1(8) 

4(31) 

1(8) 

4(31) 

Testis 

Normal  tissue 

1 

. 

. 

_ 

1(100) 

0.11 

Seminoma 

8 

2(25) 

2(25) 

1(13) 

3(37) 

- 

PBR  immunohistochemistry  was  carried  out  by  incubating  the  tissue  sections  with  affinity 
purified  rabbit  polyclonal  anti-peptide  anti-PBR  antibody  at  a  concentration  of  1 :400  overnight 
followed  by  incubating  with  HRP-conjugated  rabbit  IgG.  PBR  expression  was  evaluated  by  -  (no 
staining  or  occasional  cell  stained),  +  (mild  staining),  ++  (moderate  staining),  +++  (strong 
staining)  and  ++++  (intense  staining). 
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Figure  Legends 


Figure  1  PBR  expression  in  human  biopsies.  PBR  immunohistochemistry  was  carried  out  as 
described  under  Materials  and  Methods.  PBR  was  highly  expressed  in  primary  (A3)  and 
metastatic  (A4)  breast  tumor  compared  with  non-tumoral  breast  tissue  (Al)  and  benign  tumor 
(A2).  The  expression  of  PBR  was  increased  in  colorectal  carcinoma  (B3,  B4  and  B5)  relative  to 
non-tumoral  tissue  (Bl)  and  adenoma  (B2).  Normal  ovary  (Cl)  showed  very  weak  staining  but 
ovarian  carcinoma  (C2  and  C3)  manifested  increase  of  PBR  expression.  PBR  positive  cells  were 
rare  in  normal  brain  tissue  (Dl)  whereas  the  population  of  positive  cells  was  markedly  increased 
(D2,  D3  and  D4).  Lung  carcinoma  cells  (E2)  expressed  much  more  PBR  than  non-tumoral  lung 
tissue  (El).  PBR  was  highly  expressed  in  the  cytoplasm  of  normal  adrenal  (FI)  and  the  nuclei  of 
adrenal  carcinoma  tumor  cells  (F2).  Normal  epidermis  (Gl),  basal  cell  carcinoma  (G2), 
melanoma  (G3)  and  squamus  cell  carcinoma  (G4)  all  showed  positive  staining.  Hepatocellular 
carcinoma  (HI)  showed  decreased  PBR  Expression  compared  with  its  vicinal  non-neoplastic 
hepatocytes  and  normal  hepatocytes  (H2).  PBR  was  seen  in  the  germ  cells  and  Leydig  cells  of 
normal  testis  (II)  and  seminoma  tumor  cells  (12).  PBR  expression  was  found  increased  in 
prostate  adenocarcinoma  (J3)  relative  to  BPH  (J2)  and  non-tumoral  prostate  tissue  adjacent  to 
BPH  (Jl).  K  shows  an  adrenal  tumor  biopsy  where  the  primary  antiserum  was 
immunoneutralized  by  pre-incubation  with  the  peptide  used  to  generate  the  antiserum. 

Figure  2.  PBR  mRNA  levels  in  human  brain,  breast  and  colon  tumors  and  corresponding  normal 
tissues.  RT-PCR  methods  were  as  described  under  in  Materials  and  Methods.  PBR  mRNA  levels 
are  significantly  increased  in  brain  and  breast  tumors  compared  with  their  corresponding  normal 
tissues.  There  is  no  significant  difference  in  PBR  mRNA  levels  between  colon  tumor  and 
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PERIPHERAL-TYPE  BENZODIAZEPINE  RECEPTOR  LEVELS  CORRELATE  WITH 
THE  ABILITY  OF  HUMAN  BREAST  CANCER  MDA-MB-231  CELL  LINE  TO 
GROW  IN  SCID  MICE 
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MDA-MB-23 1  (MDA-23 1 )  human  breast  cancer  cells  have  a 
high  proliferation  rate,  lack  the  estrogen  receptor,  express 
the  intermediate  filament  vimentin,  the  hyaluronan  receptor 
CD44,  and  are  able  to  form  tumors  in  nude  mice.  The  MDA- 
231  cell  line  has  been  used  in  our  laboratory  to  examine  the 
role  of  the  peripheral-type  benzodiazepine  receptor  (PBR)  in 
the  progression  of  cancer.  During  these  studies  2  populations 
of  M DA-23 1  cells  were  subcloned  based  on  the  levels  of  PBR. 
The  subclones  proliferated  at  approximately  the  same  rate, 
lacked  the  estrogen  receptor,  expressed  vimentin  and  CD44, 
and  had  the  same  in  vitro  chemoinvasive  and  chemotactic 
potential.  Both  restriction  fragment  length  polymorphism 
and  comparative  genomic  hybridization  analyses  of  genomic 
DNA  from  these  cells  indicated  that  both  subclones  are  of 
the  same  genetic  lineage.  Only  the  subclone  with  high  PBR 
levels,  however,  was  able  to  form  tumors  when  injected  in 
SCID  mice.  These  data  suggest  that  the  ability  of  MDA-231 
cells  to  form  tumors  in  vivo  may  depend  on  the  amount  of 
PBR  present  in  the  cells. 

©  200J  Wiley-Liss,  Inc. 

Key  words:  PBR;  benzodiazepine:  breast  cancer;  M DA-2 3 1 


Aben*ant  cell  proliferation  and  increased  invasive  and  metastatic 
behavior  are  hallmarks  of  the  advancement  of  breast  cancer.  In  an 
effort  to  elucidate  the  mechanisms  responsible  for  the  progression 
of  breast  cancer,  several  laboratories  have  extensively  character¬ 
ized  a  battery  of  human  breast  cancer  cell  lines  for  several  breast 
cancer  markers  such  as  the  estrogen  receptor  (ER),  the  fibroblast 
cytoskeletal  protein  vimentin,  the  hyaluronic  acid  receptor,  CD44, 
as  well  as  their  chemotactic  and  chemoinvasive  potential.*"^  Al¬ 
though  several  studies  have  utilized  these  cell  lines  to  determine 
the  mechanism(s)  responsible  for  the  transition  from  non-aggres¬ 
sive  to  aggressive  breast  cancer,  these  mechanisms  remain  elusive. 
Work  in  our  laboratory  and  others  suggests  that  1  potential  can¬ 
didate  may  be  the  peripheral-type  benzodiazepine  receptor  (PBR). 
Recently  we  have  shown  that  PBR  expression  is  markedly  in¬ 
creased  in  aggressive  breast  cancer  cell  lines,  such  as  the  MDA- 
231  cell  line,  relative  to  non-aggressive  breast  cancer  cell  lines  as 
well  as  in  aggressive  metastatic  human  breast  tumor  biopsies 
compared  with  normal  breast  tissues.^  Moreover,  ligands  specific 
for  PBR  regulated  the  proliferation  rate  of  the  aggressive  MDA- 
231  breast  cancer  cell  line.^  PBR  is  an  18kDa  transmembrane 
protein  known  to  play  a  crucial  role  during  steroidogenesis.^-^ 
Increased  expression  of  PBR  has  been  found  in  numerous  tumor 
types  and  PBR  has  been  shown  to  regulate  the  differentiation  state 
and  proliferation  rates  of  several  cancer  cell  lines.'^--®  Over  the  past 
several  years  our  laboratory  has  examined  the  role  of  PBR  in 
breast  cancer  using  the  MDA-231  cell  line.  While  examining 
MDA-231  cells  from  various  origins  we  observed  variations  in 
their  PBR  levels.  From  the  MDA-231  cell  line  that  we  previously 
used  to  investigate  the  role  of  PBR,^  subclones  were  isolated  based 
on  their  PBR  levels  of  expression.  To  determine  if  these  differing 
PBR  levels  had  any  effect  on  the  MDA-231  aggressive  phenotype, 
we  tested  the  anchorage-dependent  and  -independent  proliferation 
of  the  subclones,  as  well  as  the  expression  of  ER,  vimentin,  and 


CD44.  We  also  tested  their  in  vitro  chemotactic  and  chemoinva¬ 
sive  potential  and  their  ability  to  grow  in  SCID  mice. 

MATERIAL  AND  METHODS 

Cell  culture 

The  MDA-231  cell  line,  obtained  from  the  Lombardi  Cancer 
Center,  Georgetown  University  Medical  Center,  was  grown  as 
previously  described.^  In  some  experiments  cells  were  passaged 
twice  in  antibiotic-free  DMEM,  10%  FBS.  Cells  were  then  grown 
to  confluency  and  maintained  in  without  change  of  media  for  5 
days.  All  cultures  were  grown  to  10  passages  and  either  used  or 
discarded.  The  media  was  then  harvested  and  submitted  to  the 
Lombardi  Cancer  Center  Tissue  Core  Facility  for  mycoplasma 
screening. 

[^H]PK  11195  binding  studies 

Cells  were  grown  to  confluency  in  DMEM,  10%  FBS.  All  cells 
were  harvested  from  culture  dishes  and  assayed  for  protein  con¬ 
centration  by  the  Bradford  method^i  using  the  Bio-Rad  Protein 
Assay  kit  (Bio-Rad  Laboratories,  Hercules,  CA)  and  [^H]PK 
11195  binding  studies  on  20  |xg  of  protein  from  cell  suspensions 
were  performed  as  previously  described.^  Scatchard  plots  were 
analyzed  by  the  LIGAND  program.22 

Crystal  violet  cell  proliferation 

Cells  were  grown  to  confluency,  trypsinized,  plated  on  96-well 
plates  at  a  concentration  of  2,000  cells/well  and  maintained  in 
DMEM,  10%  FBS.  Media  was  changed  every  2  days.  At  the 
specified  time  points  cells  were  stained  Crystal  Violet  solution  as 

described  previously. 

Estrogen  receptor  enzyme  immunoassay  (ER-EIA) 

Cells  were  harvested  from  confluent  cultures  by  trypsinization 
and  washed  once  with  PBS.  Cells  were  then  washed  once  in 
phosphate  buffer  (5  mM  sodium  phosphate,  pH  7.4,  10  mM 
thioglycerol,  and  10%  glycerol).  Nuclear  extracts  from  each  cell 
line  were  prepared  as  previously  described.^^  One  hundred  micro¬ 
grams  of  each  nuclear  extract  was  incubated  with  1  ER  bead  for  18 
hr  and  processed  according  to  the  Abbott  ER-EIA  Monoclonal 
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Protocol  (1997).  For  each  wash,  beads  were  washed  10  times  in 
distilled  H2O  on  a  Brandel  24-well  Harvester  (Brandel,  Gaithers¬ 
burg,  MD)  in  12  X  75  mm  borosilicate  glass  tubes. 

Immunocytochemistry 

Eight-chamber  glass  slides  (Fisher  Scientific,  Pittsburgh,  PA) 
were  coated  with  poly-L  lysine  (Sigma  Chemicals,  St.  Louis,  MO) 
for  several  hr.  Ten  thousand  cells  per  well  for  each  cell  line  were 
loaded  onto  the  slides  and  were  incubated  overnight  at  37°C,  6% 
CO2.  The  cells  were  fixed  in  10%  formaldehyde  for  10  min  at 
room  temperature.  After  washing  well  with  distilled  H2O,  anti- 
PBR24  diluted  1:400  in  PBS  supplemented  with  10%  FBS,  anti- 
vimentin  (Boehringer-Mannheim,  Indianapolis,  IN),  diluted  1:3  in 
PBS  supplemented  with  10%  FBS  or  anti-CD44  (Calbiochem,  San 
Diego,  CA)  diluted  1:100  in  PBS  supplemented  with  10%  FBS, 
was  added  each  well  and  incubated  overnight  at  4°C.  After  rinsing 
the  slides  well  in  PBS,  horseradish  peroxidase  (HRP)  conjugated 
goat  anti-mouse  secondary  antibody  (BD  Biosciences  Transduc¬ 
tion  Laboratory,  Lexington,  KY),  diluted  1:1,000  in  PBS  supple¬ 
mented  with  10%  FBS,  was  added  to  each  well  and  incubated  for 
1  hr  at  RT.  Visualization  of  HRP  activity  with  3-amino-9-ethyl 
carbazole  (AEC)  and  counterstaining  with  hematoxylin  was  per¬ 
formed  as  previously  described.'^ 

Chemotactic  and  chemoinvasion  assays 

For  chemotaxis  assays,  cells  were  grown  to  confluency, 
trypsinized,  and  plated  on  8  p.m  24-welI  inserts  (Becton  Dickinson 
Labware,  Bedford,  MA)  at  a  concentration  of  3  XlO^  cells/insert 
in  DMEM,  0.1%  FBS.  The  inserts  were  then  placed  in  24- well 
companion  plates  (Becton  Dickinson  Labware)  containing  800  p.1 
DMEM,  10%  Tet-approved  FBS  (Clontech,  San  Diego,  CA)  and 
incubated  at  37 °C,  6%  CO2  for  48  hr.  Before  beginning  the 
chemoinvasion  assay,  8  |xm  24-well  inserts  (Becton  Dickinson 
Labware)  were  coated  with  200  (uig/cm^  matrigel  (Becton  Dickin¬ 
son  Labware)  and  left  to  dry  overnight.  Several  hr  before  the 
beginning  of  the  assay,  the  matrigel  was  rehydrated  with  DMEM, 
0.1%  FBS.  All  cells  were  grown  to  confluency,  trypsinized,  and 
plated  on  matrigel-coated  8  (xm  24-well  inserts  at  a  concentration 
of  3  X  10^  cells/insert  in  DMEM,  0.1%  FBS.  The  inserts  were  then 
placed  in  24-well  companion  plates  (Becton  Dickinson  Labware) 
containing  800  p.1  DMEM,  10%  FBS  and  incubated  at  37°C,  6% 
CO2  for  48  hr. 

At  the  end  of  each  incubation,  cells  were  removed  from  the 
inside  chamber  by  use  of  suction  followed  by  a  cotton  swab.  The 
membranes  were  then  incubated  for  10  min  with  Crystal  Violet 
(0.5%  Crystal  Violet,  25%  methanol)  at  room  temperature.  Excess 
Crystal  Violet  was  removed  by  washing  the  membranes  6  times 
with  room  temperature  tap  H2O.  All  staining  of  the  inside  of  the 
membranes  was  removed  with  a  cotton  swab.  Membranes  were 
then  dried  overnight.  The  stain  was  solubilized  from  membranes 
and  absorbance  was  read  at  570  nm  as  previously  described. 

Tumor  growth  in  SCID  mice 

Cells  were  grown  to  confluency,  trypsinized,  counted  and  re¬ 
suspended  in  sterile  PBS  at  a  concentration  of  5  X  10’  cells/100 
p.1.  One  hundred  micrograms  of  the  cell  suspensions  were  then 
injected  into  the  mammary  fat  pad  of  8  SCID  mice  for  each  cell 


line.  Tumor  growth  was  measured  weekly  for  1  month.  Protocols 
were  approved  by  the  Georgetown  University  Animal  Care  and 
Use  Committee. 

Restriction  fragment  length  polymorphism  (RFLP) 

To  examine  the  genetic  identity  of  the  MDA-231  PL  and  PH 
cells,  frozen  cell  pellets  were  sent  to  Cellmark  Diagnostics,  Inc. 
(Germantown,  MD).  Genomic  DNA  (DNAGEN)  was  prepared, 
digested  with  Hinfl  enzyme,  electrophoresed,  blotted  onto  nylon 
membranes  and  hybridized  with  the  indicated  probes.  Probe-DNA 
complexes  were  visualized  by  chemiluminescence  (2000  Standard 
Operating  Procedures,  100-25,  Cellmark  Diagnostics,  Inc.). 

Comparative  genomic  hybridization  ( CGH) 

CGH  was  performed  according  to  standard  procedures. ^5  Nor¬ 
mal  control  DNA  was  prepared  from  peripheral  blood  lympho¬ 
cytes  of  a  cytogenetically  normal  male  and  tumor  DNA  was 
extracted  from  the  2  cell  lines,  MDA-231  PH  and  PL.  Nick 
translation  was  performed  to  label  tumor  DNA  with  bio-16-dUTP 
(Boehringer-Mannheim,  Germany)  and  control  DNA  with  digoxi- 
genin- 1 1 -dUTP  (Boehringer-Mannheim).  Each  of  the  labeled  ge¬ 
nomes  (500  ng)  were  hybridized  in  the  presence  of  excess  Cot-1 
DNA  (50  p.g)  (GIBCO-BRL,  Gaithersburg,  MD)  to  metaphase 
chromosomes  prepared  from  a  karyotypically  normal  donor.  The 
biotin-labeled  tumor  genome  was  visualized  with  avidin  conju¬ 
gated  to  fluorescein  isothiocyanate  (FITC)  (Vector  Laboratories 
Inc.,  Burlingame,  CA)  and  the  digoxigenin-labeled  control  DNA 
was  detected  with  a  mouse  anti-digoxin  antibody  (Sigma  Aldrich) 
followed  by  detection  with  a  goat  anti-mouse  antibody  conjugated 
to  tetra-methyl-rhodamine  isothiocyanate  (TRITC)  (Sigma  Al¬ 
drich).  Chromosomes  were  counterstained  with  4',6-diamidino-2- 
phenylindole  (DAPI)  and  embedded  in  anti -fading  agent  to  reduce 
photobleaching. 

Gray  scale  images  of  the  FITC-labeled  tumor  DNA,  the  TRITC 
labeled  control  DNA  and  the  DAPI  counterstain  from  at  least  8 
metaphases  from  each  hybridization  were  acquired  with  a  cooled 
charge-coupled  device  CCD  camera  (CH250,  Photometries,  Tuc¬ 
son,  AT)  connected  to  a  Leica  DMRBE  microscope  equipped  with 
fluorochrome  specific  optical  filters  TRl,  TR2,  TR3  (Chroma 
Technology,  Brattleboro,  VT).  Quantitative  evaluation  of  the  hy¬ 
bridization  was  done  using  commercially  available  software  (Ap¬ 
plied  Imaging,  Pittsburgh,  PA).  Average  ratio  profiles  were  com¬ 
puted  as  the  mean  value  of  at  least  8  ratio  images  to  identify 
chromosomal  copy  number  changes  in  all  cases. 

RESULTS 

We  previously  described  the  MDA-231  cell  line  as  having  a 
maximal  PBR  ligand  binding  (B^^.,^)  of  8.7  pmol/mg  of  protein."^ 
From  this  MDA-231  cell  line  we  isolated  sub-populations  based  on 
PBR  levels.  Scatchard  analysis  of  the  saturation  isotherms  gener¬ 
ated  using  2  of  the  isolated  MDA-231  subclones  indicated  that 
these  cells  had  divergent  PBR  ligand  binding  (Table  I).  Three  of 
the  new  isolated  cell  lines  had  a  of  2.9  pmol/mg  protein  (Fig. 
la\  Table  I).  Although  all  of  the  experiments  reported  herein  were 
performed  with  all  3  cell  lines,  because  the  results  obtained  were 
similar  only  representative  data  from  1  of  the  cell  lines  are  shown. 


TABLE  I -COMPARISON  OF  MDA-231  SUBCLONES  FOR  EXPRESSION  OF  VARIOUS  MARKERS  OF  BREAST  TUMOR  AGGRESSION' 


Cells 

PK  I 

1 195  binding 

ER 

Vimentin 

CD44 

Chemoinvasion 

Chemotaxis 

KD  (nM) 

Bmax  (pmol/mg  prot) 

MDA-231  PH 

7.5  ±  0.9 

6.4  ±  1.0 

_ 

+ 

+ 

+  +  4-  +  -f 

-F-f +  4-^- 

MDA-231  PL 

1.8  ±  1.0 

2.9  ±  1.0 

- 

-f- 

+ 

-F  +  -F-F-b 

+  +  -F  +  + 

'PK  11195  binding  values  for  the  MDA-231  PH  and  PL  cell  lines  were  obtained  from  the  Scatchard  analyses  presented  in  Figure  1.  KD, 
dissociation  constant;  Bmax,  maximal  PK  11195  binding.  Quantification  of  estrogen  receptor  (ER)  expression  was  determined  using  the 
ER-Enzyme  Immuno-Assay  (ER-EIA).  -,  the  absence  of  ER  expression.  Vimentin  and  CD44  expression  were  determined  by  immunocyto¬ 
chemistry.  +  ,  visible  detection  of  protein  expression.  Chemotaxis  and  chemoinvasion  were  determined  as  described  in  Material  and  Methods. 
+  +  +  +  +,  values  are  80-100%  of  MDA-231  PH  values. 
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A  MDA-231  PH 


B  MDA-231  PL 


Figure  1  -  PBR  ligand  binding  characteristics  and  PBR  immuno- 
reactivity  in  the  MDA-231  PH  and  MDA-231  PL  cell  lines,  {a)  PK 
11195  ligand  binding  was  measured  in  the  presence  of  20  jag  of 
cellular  protein  and  the  indicated  concentrations  of  [^H]PK  11195. 
Representative  saturation  isotherms  and  Scatchard  plots  are  shown,  {b) 
MDA-231  PH  and  MDA-231  PL  were  plated  on  slides,  fixed,  and 
stained  either  with  hematoxylin  or  incubated  with  anti-PBR  antiserum. 
Pictures  were  taken  at  lOX  and  40 X  magnification  for  hematoxylin 
and  PBR,  respectively. 


MDA-231  PL 


MCF-7 


Figure  2  -  MDA-231  PH  and  MDA-231  PL  cell  proliferation  rates 
and  expression  of  CD44  and  vimentin.  {a)  MDA-231  PH  and  MDA- 
23 1  PL  Cell  proliferation  rates.  Cells  were  plated  at  a  density  of  2,000 
cells  per  well  on  96- well  plates  and  followed  for  6  days.  Every  24  hr, 
cells  were  stained  with  Crystal  Violet.  Absorbance  was  read  at  570 
nm.  Results  shown  are  representative  of  3-4  independent  experiments. 
{b)  MDA-231  PH  and  MDA-231  PL  were  plated  on  slides,  fixed,  and 
incubated  with  anti-vimentin  or  anti-CD44  antisera.  Original  magni¬ 
fication  X40. 


These  cells  are  referred  to  MDA-231  PBR  Low  (MDA-231  PL). 
Other  subclones  of  MDA-23 1  cells  had  a  equal  or  higher  than 
6.4  pmol/mg  protein,  similar  to  our  original  published  results  (Fig. 
\a\  Table  I).  Although  all  of  the  experiments  reported  herein  were 
performed  with  3  clones,  because  the  results  obtained  were  similar 
only  representative  data  from  1  of  the  cell  lines  are  shown.  This 
cell  line  is  called  MDA-231  PBR  High  (MDA-231  PH).  The 
MDA-231  PL  cell  line  also  differed  from  the  MDA-231  PH  cell 
line  in  the  PK  11195  dissociation  constant  (K^;  Fig.  \a\  Table  I). 
It  should  be  noted  that  PBR  ligand  binding  was  performed  multiple 
times  over  the  course  of  several  passages  (approximately  10)  and 
similar  results  were  obtained.  Differences  in  PBR  expression  seen 
with  radioligand  binding  assays  were  confirmed  with  immunocy- 
tochemistry  using  the  recently  developed  anti-PBR  peptide  affin¬ 
ity-purified  antiserum  (Fig.  l^).^^  Despite  differences  in  B^^^ 

Kp,  the  cells  for  all  of  the  sub-populations  appear  morphologically 
similar  (Fig.  1^). 

Under  normal  culture  conditions,  both  sub-populations  appeared 
to  grow  at  the  same  rate.  To  insure  that  this  was  the  case,  however, 
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Figure  3  -  MDA-23 1  PH  and  MDA-23 1  PL  tumor  growth  in  SCID 
mice.  Cells  were  grown  to  confluency,  trypsinized,  counted  and  resus¬ 
pended  at  a  concentration  of  5  X  10^  cells/100  juil  in  sterile  PBS.  One 
hundred  p.  of  cell  suspensions  was  injected  into  each  of  8  mice  per  cell 
line.  Tumor  growth  was  followed  for  1  month  with  caliper  measure¬ 
ments  at  the  indicated  times.  Both  cell  lines  tested  negative  for 
mycoplasma  contamination  (data  not  shown). 


we  followed  the  growth  of  each  population  over  several  days  and 
quantified  the  number  of  cells  with  Crystal  Violet  (Fig.  2d).  Over 
5  consecutive  days  there  was  no  appreciable  difference  between 
the  MDA-23 1  PH  and  MDA-23 1  PL  proliferation  curves. 

Our  main  hypothesis  with  regards  to  PBR  in  cancer  is  that 
increased  expression  of  PBR  confers  a  more  aggressive  phenotype 
in  cancer  cells.  Therefore,  decreased  expression  of  PBR  should 
indicate  a  differentiation  toward  a  less-aggressive  phenotype.  As 
indicated  above,  the  MDA-23 1  and  several  other  breast  cancer  cell 
lines  are  well  characterized  for  several  breast  cancer  markers,  as 
well  as  their  chemotactic  and  chemoinvasive  potential. The 
MDA-23 1  cell  line,  as  well  as  other  late  stage  or  highly-aggressive 
breast  cancer  cell  lines,  lack  ER  expression,  express  vimentin  and 
CD44,  and  are  highly  chemotactic  and  chemoinvasive.  Con¬ 
versely,  early  stage  or  non-aggressive  breast  cancer  cell  lines  are 
ER  positive,  vimentin  negative,  express  trace  CD44  levels,  and 
possess  very  little  chemotactic  or  chemoinvasive  potential. We 
found  no  difference  in  the  expression  of  ER  (Table  I),  vimentin 
(Fig.  2b\  or  CD44  (Fig.  2h)  between  the  MDA-23 1  sub-popula¬ 
tions.  Likewise,  no  significant  differences  in  the  chemotactic  or 
chemoinvasive  potential  were  found  between  MDA-23 1  PH  and 
MDA-23 1  PL  cells  (Table  I). 


Figure  4  -  RFLP  and  CGH  DNA  fingerprinting  indicate  that  MDA- 
23 1  PH  and  MDA-23 1  PL  are  of  the  same  genetic  origin.  DNAgen 
was  isolated  from  both  the  MDA-23 1  PH  and  the  MDA-23 1  PL  cell 
lines  and  subjected  to  DNA  fingerprinting  analysis,  {a)  RFLP  analysis 
of  the  indicated  4  independent  chromosomal  locations  with  the  Hinfl 
restriction  enzyme  was  performed  on  both  samples.  TDS,  liquid  blood 
human  DNA  control  extracted  and  treated  as  were  the  samples  under 
investigation.  CGH  analysis  was  performed  on  chromosomes  1 
through  22  of  both  samples.  DNA  from  the  peripheral  blood  lympho¬ 
cytes  of  a  cytogenetically  normal  female  was  used  as  the  normal 
control.  Results  of  CGH  evaluation  of  MDA-23 1  PL  {b)  and  MDA- 
23 1  PH  (c)  showing  a  very  similar  pattern  of  chromosomal  gains  and 
losses.  The  5  vertical  lines  on  the  right  side  of  the  chromosome 
ideograms  reflect  different  values  of  the  fluorescence  ratio  between  the 
test  and  the  normal  DNA.  The  values  are  0.5,  0.75,  1,  1.25  and  1.5 
from  left  to  right.  Ratios  of  1.25  or  higher  reflect  gains  whereas  ratios 
of  0.75  or  lower  reflect  losses.  The  ratio  profile  (curve)  was  computed 
as  a  mean  value  of  8  metaphase  spreads  (n  is  the  number  of  chromo¬ 
somes  used  to  generate  each  ratio  profile). 


We  then  injected  MDA-23 1  PH  and  MDA-23 1  PL  cells  into 
SCID  mice  to  determine  if  their  differences  in  PBR  expression  in 
vitro  lead  to  alterations  in  their  ability  to  grow  in  vivo.  Not 
surprisingly,  MDA-23 1  PH  cells  grew  well  in  SCID  mice  (Fig.  3). 
In  fact,  1  month  post-injection  several  of  the  8  MDA-23 1  PH- 
injected  animals  were  put  down  due  to  too  large  tumors.  The 
MDA-23 1  PL  cells,  however,  did  not  form  any  detectable  tumors 
in  the  mice  (Fig.  3).  To  determine  if  this  lack  of  growth  was  due 
to  mycoplasma  contamination,  we  submitted  the  cells  to  myco¬ 
plasma  screening.  Both  the  MDA-23 1  PH  and  the  MDA-23 1  PL 
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cell  lines  were  negative  for  mycoplasma  contamination  (data  not 
shown). 

Given  the  dramatic  differences  in  the  in  vivo  growth  of  these 
MDA-231  sub-populations,  and  to  determine  if  the  MDA-231  PH 
and  MDA'’231  PL  cell  lines  were  derived  from  the  same  genetic 
lineage,  we  performed  DNA  fingerprinting  using  restriction  frag¬ 
ment  length  polymorphisms  (RFLP)  on  both  cell  lines  and  com¬ 
pared  their  chromosomal  aberration  using  comparative  genomic 
hybridization  (CGH).  Both  the  RFLP,  as  evaluated  and  interpreted 
by  Cellmark  Diagnostics  Inc.,  and  CGH  determined  that,  indeed, 
the  MDA-231  PH  and  MDA-231  PL  are  derived  from  the  same 
genetic  lineage  and  have  similar  chromosomal  abnormalities 
(Fig.  4). 

DISCUSSION 

The  MDA-23 1  human  breast  cancer  cell  line  is  widely  used  as 
an  in  vitro  model  for  aggressive  breast  cancer.  Our  laboratory  has 
used  it  to  help  elucidate  the  role  of  PBR  in  human  breast  cancer.'^ 
During  the  course  of  these  studies  we  observed  variability  in  PBR 
levels  of  MDA-231  cells  obtained  from  various  sources.  Using  the 
MDA-231  cell  line  that  we  previously  used  to  investigate  the  role 
of  PBR  in  cancer  progression  and  aggressive  behavior  of  the  cells 
we  isolated  2  sub-populations  differing  in  their  expression  of  PBR 
ligand  binding.  The  MDA-231  PH  and  MDA-231  PL  cell  lines  do 
not  differ  in  expression  of  the  breast  cancer  markers  ER,  vimentin, 
or  CD44.  Similarly,  these  cell  lines  do  not  differ  in  their  chemo- 
tactic  or  chemoinvasive  potentials.  They  differ  markedly,  however, 
in  their  ability  to  grow  in  SCID  mice.  MDA-231  PH  cells  grow 
quite  well  in  SCID  mice,  whereas  MDA-231  PL  cells  do  not. 

CGH  and  RFLP  data  demonstrated  that  both  subclones  are 
derived  from  the  same  genetic  lineage  suggesting  that  the  MDA- 
23  1  human  breast  cancer  cell  line  is  composed  of  an  heterogeneous 
population.  It  is  difficult  to  determine  whether  the  differences  in 
PBR  expression  between  the  2  cell  lines  is  due  to  innate  properties 
of  this  heterogeneous  population  or  to  traits  acquired  over  several 
passages.  In  our  experience,  the  MDA-231  cell  line  has  always 
been  a  morphologically  heterogeneous  population  consisting  of 
very  large,  round,  flat  cells  intermixed  with  thin  elongated  cells. 
Both  the  MDA-231  PH  and  MDA-231  PL  cell  lines  are  morpho¬ 
logically  similar,  with  no  difference  in  the  ratio  of  1  cell  type  to 
another.  Therefore,  it  is  unlikely  that  the  reduction  of  PBR  expres¬ 
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sion  seen  in  the  MDA-231  PL  cell  line  is  due  to  the  predominance 
of  1  cell  morphology  relative  to  the  other.  The  data  suggests  that 
a  reduction  of  PBR  expression  may  occur  over  time  as  the  result  of 
multiple  passages,  however  this  hypothesis  needs  to  be  thoroughly 
tested  before  any  conclusions  may  be  drawn. 

How  does  the  reduction  of  PBR  expression  in  the  MDA-231  PL 
lead  to  the  inability  of  these  cells  to  grow  in  SCID  mice?  Our 
laboratory,  as  well  as  others,  has  previously  shown  that  PBR 
ligands  regulate  cell  proliferation.”^"^  *43-17  'pjig  behavior  of 

the  cells,  however,  differs  from  their  in  vitro  behavior  where  no 
differences  in  the  rates  of  cell  proliferation  between  the  MDA-23 1 
PH  and  PL  is  seen.  This  may  be  due  to  a  minimum  of  PBR  levels 
required  for  cell  proliferation.  In  our  previous  study,  in  vitro 
changes  were  seen  with  cells,  such  as  the  MCF-7  human  breast 
cancer  cells,  which  contain  PBR  levels  10-fold  lower  than  the 
MDA-231  PL  cells.  This  hypothesis  is  also  supported  by  recent 
evidence  that  introduction  of  PBR  into  the  MCF-7  cell  line  induces 
increases  in  the  proliferation  rate  of  these  cells  (Hardwick  and 
Papadopoulos,  unpublished  data). 

A  close  correlation  between  the  reduction  of  MDA-231  cell 
proliferation  and  tumor  growth  in  nude  mice  with  PBR  expression 
induced  by  the  treatment  of  the  cells  and  animals  with  the  stan¬ 
dardized  Ginko  Biloba  extract  EGb  761  was  also  shown.^^  Con¬ 
comitant  with  the  downregulation  of  PBR  in  MDA-231  cells  by 
this  treatment  is  the  altered  expression  of  several  genes  with  close 
ties  to  either  cell  proliferation,  differentiation,  or  apoptosis. The 
majority  of  the  genes  affected  by  EGb  761  are  members  of  either 
the  Myc  family  of  transcription  factors  and  their  effectors,  the 
GTP-binding  protein  RhoA  and  its  effectors,  and  members  of  the 
MAP/ERK  pathway.2^  All  of  these  results  suggest  a  role  for  PBR 
in  1  if  not  several  cellular  pathways  that  regulate  cell  proliferation, 
differentiation,  or  apoptosis.  To  better  understand  PBRs  role  in  the 
progression  of  cancer  and  to  begin  to  realize  PBRs  cancer  thera¬ 
peutic  and  prognostic  potential,  more  in  depth  studies  of  PBRs 
ability  to  either  regulate  or  to  be  regulated  by  each  of  these 
pathways  are  necessary. 

ACKNOWLEDGEMENTS 

We  are  grateful  to  Mr.  A.  Foxworth  for  excellent  assistance  with 
the  in  vivo  studies  and  the  Lombardi  Cancer  Center  Animal  and 
Cell  Culture  Core  facilities  for  their  assistance. 


9.  Laird  HE  II,  Gerrish  KE,  Duerson  KC,  et  al.  Peripheral  benzodiaz¬ 
epine  binding  sites  in  Nb  2  node  lymphoma  cells:  effects  on  prolactin- 
stimulated  proliferation  and  ornithine  decarboxylase  activity.  Eur 
J  Pharm  1989;171:25-35. 

10.  Ikezaki  K,  Black  KL.  Stimulation  of  cell  growth  and  DNA  synthesis 
by  peripheral  benzodiazepine.  Cancer  Lett  1990;49:115-20. 

1 1 .  Bruce  JH,  Ramirez  AM,  Lin  L,  et  al.  Peripheral -type  benzodiazepines 
inhibit  proliferation  of  astrocytes  in  culture.  Brain  Res  1991;564:167- 
70. 

12.  Cornu  P,  Benavides  J,  Scatton  B,  et  al.  Increase  in  peripheral -type 
benzodiazepine  binding  site  densities  in  different  types  of  human 
brain  tumors:  a  quantitative  autoradiography  study.  Acta  Neurochir 
1992;119:146-52. 

13.  Gamier  M,  Boujrad  N,  Oke  BO,  et  al.  Diazepam  binding  inhibitor  is 
a  paracrine/autocrine  regulator  of  Leydig  cell  proliferation  and  steroi¬ 
dogenesis:  action  via  peripheral-type  benzodiazepine  receptor  and 
independent  mechanisms.  Endocrinology  1993;132:444-58. 

14.  Camins  A,  Diez-Femandez  C,  Pujadas  E,  et  al.  A  new  aspect  of  the 
antiproliferative  action  of  peripheral-type  benzodiazepine  receptor 
ligands.  Eur  J  Pharm  1995;272:289-92. 

15.  Miettinen  H,  Kononen  J,  Haapasalo  H,  et  al.  Expression  of  peripheral- 
type  benzodiazepine  receptor  and  diazepam  binding  inhibitor  in  hu¬ 
man  astrocytomas:  relationship  to  cell  proliferation.  Cancer  Res  1995; 
55:2691-5. 

16.  Neary  JT,  Jorgensen  SL,  Oracion  A,  et  al.  Inhibition  of  growth 
factor-induced  DNA  synthesis  in  astrocytes  by  ligands  of  peripheral- 
type  benzodiazepine  receptors.  Brain  Res  1995;675:27-30. 

17.  Brown  RC,  Degenhardt  B,  Kotoula  M,  et  al.  Location-dependent 
role  of  the  human  glioma  cell  peripheral-type  benzodiazepine 


PBR  IN  BREAST  CANCER 


327 


receptor  in  proliferation  and  steroid  biosynthesis.  Cancer  Lett 
2000;162:125-32. 

18.  Katz  Y,  Ben-Baruch  G,  Kloog  Y,  et  al.  Increased  density  of 
peripheral  benzodiazepine-binding  sites  in  ovarian  carcinomas  as 
compared  with  benign  ovarian  tumors  and  normal  ovaries.  Clin  Sci 
1990;78:155-8. 

19.  Katz  Y,  Eitan  A,  Gavish  M.  Increase  in  peripheral  benzodiazepine 
binding  sites  in  colonic  adenocarcinoma.  Oncology  1990;47:139-42. 

20.  Batra  S,  Iosif  CS.  Peripheral  benzodiazepine  receptor  in  human  endome¬ 
trium  and  endometrial  carcinoma.  Anticancer  Res  2000;20:463-6. 

21.  Bradford  MM,  A  rapid  and  sensitive  method  for  the  quantification  of 
microgram  quantities  of  protein  using  the  principle  of  protein-dye 
binding.  Anal  Biochem  1976;72:248-54. 

22.  Munson  PJ,  Rodbard  D.  LIGAND:  a  versatile  computerized  approach 
for  characterization  of  ligand  binding  systems.  Anal  Biochem  1980; 
107:220-39. 


23.  Horwitz  KB,  Zava  DT,  Thilagar  AK,  et  al.  Steroid  receptor  anal¬ 
yses  of  nine  human  breast  cancer  cell  lines.  Cancer  Res  1978;38: 
2434-7. 

24.  Li  H,  Yao  Z,  Degenhardt  B,  et  al.  Cholesterol  binding  at  the  choles¬ 
terol  recognition/interaction  amino  acid  consensus  (CRAC)  of  the 
peripheral-type  benzodiazepine  receptor  and  inhibition  of  steroido¬ 
genesis  by  an  HIV  TAT-CRAC  peptide.  Proc  Natl  Acad  Sci  USA 
2001;98:1267-72. 

25.  Figueiredo  BC,  Stratakis  CA,  Sandrini  R,  et  al.  Comparative  genomic 
hybridization  (CGH)  analysis  of  adrenocortical  tumors  of  childhood. 
J  Clin  Endocrinol  Metab  1999;84:1116-21. 

26.  Papadopoulos  V,  Kapsis  A,  Li  H,  et  al.  Drug-induced  inhibition  of 
the  peripheral-type  benzodiazepine  receptor  expression  and  cell 
proliferation  in  human  breast  cancer  cells.  Anticancer  Res  2000; 
20:2835-47. 


Appendix  3 


Short  Communication 


Peripheral-type  Benzodiazepine  Receptor  (PBR)  Gene 
Amplification  in  MDA-MB-231  Aggressive  Breast  Cancer  Cells 


Matthew  Hardwick',  Luciane  R.  Cavalli^’'*,  Keith  D.  Barlow',  Bassem  R.  Haddad^’"',  and 
Vassilios  Papadopoulos'’^’''’^ 


'Division  of  Hormone  Research,  Departments  of  'Cell  Biology,  ^Oncology,  ^Obstetrics 
and  Gynecology,  ^Pharmacology,  and  the  "'Lombardi  Cancer  Center,  Georgetown 
University  Medical  Center,  Washington,  DC  20007 

Abbreviated  title:  PBR  gene  amplification  in  breast  cancer  cells 

^Correspondence  to:  V.  Papadopoulos,  at  Division  of  Hormone  Research,  Department  of 
Cell  Biology,  Georgetown  University  Medical  Center,  3900  Reservoir  Road, 
Washington,  DC  20007,  USA.  Phone:  202-687-8991;  Fax:  202-687-7855;  e-mail: 
papadopv@,georgetown.edu 


1 


Summary 

Recent  studies  using  human  breast  cancer  cell  lines,  animal  models,  and  human 
tissue  biopsies  have  suggested  a  close  correlation  between  the  expression  of  the 
peripheral-type  benzodiazepine  receptor  (PBR)  and  the  progression  of  breast  cancer.  This 
study  investigates  the  genetic  status  of  the  PBR  gene  in  two  human  breast  cancer  cell 
lines:  MDA-MB-231  cells,  which  are  an  aggressive  breast  cancer  cell  line  that  contains 
high  levels  of  PBR,  and  MCF-7  cells,  which  are  a  non-aggressive  cell  line  that  contains 
low  levels  of  PBR.  Both  DNA  (Southern)  blot  and  fluorescence  in  situ  hybridization 
(FISH)  analyses  indicate  that  the  PBR  gene  is  amplified  in  MDA-MB-231  relative  to 
MCF-7  cells.  These  data  suggest  that  PBR  gene  amplification  may  be  an  important 
indicator  of  breast  cancer  progression. 

Introduction 

The  peripheral-type  benzodiazepine  receptor  (PBR)  is  an  18  kDa  high  affinity 
cholesterol-binding  protein  [1,2]  involved  in  numerous  biological  functions,  including 
steroid  biosynthesis,  mitochondrial  respiration,  and  cell  proliferation  [3,4].  PBR  is 
present  in  most  tissues  examined  [3,4]  and  upregulated  in  various  tumors  and 
carcinomas,  such  as  gliomas  [5,6],  ovarian  carcinomas  [7],  colon  adenocarcinomas  [8], 
endometrial  carcinomas  [9]  and  hepatomas  [10].  Recent  studies  demonstrated  that  PBR 
is  upregulated  in  both  aggressive  human  breast  cancer  cell  lines  [11,12]  and  in  metastatic 
human  breast  tumors  [11]  compared  to  non-aggressive  tumor  cells  [11,12]  and  normal 
breast  tissue  [11].  The  nature  of  this  upregulation  in  breast  cancer  and  other  tumors  is 
unknown. 
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Gene  amplification  is  a  well-known  mechanism  in  tumorigenesis.  Several  well- 
known  oncogenes  are  found  amplified  in  various  cancers  such  as  erbB-2  in  breast  cancer 
and  N-/w;kc  in  neuroblastomas  (reviewed  by  Savelyeva  and  Schwab  [13])  and  the  AIBl 
gene  in  breast  and  ovarian  cancers  [14].  In  order  to  determine  if  the  increases  in  PBR 
expression  seen  in  aggressive  breast  cancer  are  due  to  amplification  of  the  PBR  gene,  we 
examined  the  PBR  gene  in  the  aggressive  MDA-MB-231  and  the  non-aggressive  MCF-7 
human  breast  cancer  cell  lines  using  both  Southern  blot  and  fluorescence  in  situ 
hybridization  (FISH)  analyses. 

Materials  and  Methods 

Cell  Culture  The  MDA-MB-231  and  MCF-7  cell  lines,  obtained  from  the  Lombardi 
Cancer  Center,  Georgetown  University  Medical  Center,  were  grown  in  DMEM,  10% 
FBS  as  previously  described  [11].  Cell  growth  curves  for  MDA-MB-231  and  MCF-7 
cells  were  established  by  Crystal  Violet  staining  of  the  cells  as  we  previously  described 
[15]. 

Southern  blot  analysis  Genomic  DNA  from  each  cell  line  was  isolated  using  the 
QIAamp  tissue  kit  (Qiagen,  Inc.).  20  pg  of  each  DNA  sample  was  digested  with  EcoR  I 
restriction  enzyme,  electrophoresed  on  a  1%  agarose  gel  and  transferred  to  derivatized 
nylon  membranes  (Nytran  Plus,  Schleicher  &  Schuell,  Inc.)  [16].  The  -317  to  +36  bp 
fragment  of  the  PBR  gene  was  radiolabeled  with  [a-32P]dCTP  using  a  random  primer 
DNA  labeling  system  (InVitrogen,  Inc.).  The  membrane  was  first  prehybridized 
overnight  at  68°C  in  6X  SSC,  0.5%  SDS  and  100  pg/ml  denatured,  fragmented,  salmon 
sperm  DNA.  After  hybridization,  the  membrane  was  washed  twice  with  2X  SSC,  0.5% 
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SDS,  for  10  min,  once  with  0.2X  SSC,  0.5%  SDS,  for  30-60  min  at  room  temperature, 
and  once  with  0.2X  SSC,  0.5%  SDS,  for  30  min  at  60°C.  Screen-enhanced 
autoradiography  was  performed  by  exposing  the  blots  to  BioMax  MS  (Kodak,  Rochester, 
NY)  film  at  -80°C  for  4  to  48  hours.  Densitometric  analysis  of  the  spots  was  performed 
using  the  SigmaGel  software  (Jandel  Scientific,  San  Rafael,  CA). 

FISH  Genomic  BAC  clone  dJ526I14  containing  a  129  kb  fragment  of  human 
chromosome  22  known  to  contain  the  PBR  gene  was  obtained  from  Sanger  Molecular 
Labs,  UK.  Presence  of  the  PBR  gene  was  verified  by  DNA  (Southern)  blot  using  PBR 
cDNA  as  probe  (data  not  shown).  BAC  DNA  was  purified  using  the  Qiagen  Large 
Construct  Kit  and  preliminary  characterization  of  the  PBR  gene  was  performed  using 
gene  specific  primers  and  fluorescent  automated  DNA  sequencing.  FISH  analysis 
confirmed  the  correct  chromosomal  location  of  the  BAC  clone  on  chromosome  22ql3.31 
(data  not  shown).  Using  nick  translation,  the  isolated  DNA  was  labeled  with  biotin- 16- 
dUTP  (Boehringer  Mannheim  Corporation)  and  hybridized  to  interphase  nuclei  prepared 
from  the  cells  as  described  previously  [17].  The  Biotin-labeled  DNA  was  detected  using 
Fluorescein-Avidin  DCS  (FITC)  (Vector  Lab  Inc.).  The  nuclei  were  counterstained  with 
4,6-diamidino-2-phenylindole  (DAPI)  staining.  Over  200  interphase  nuclei  were  counted 
for  each  cell  line  using  a  Leica  DMRBE  fluorescent  microscope. 

Results 

In  agreement  with  previously  published  reports,  MDA-MB-231  cells  grow  very 
fast  whereas  MCF-7  cells,  in  the  absence  of  exogenously  added  estrogen,  grow  very 
slowly  in  culture  (Figure  1).  The  possibility  that  PBR  overexpression  in  aggressive 
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human  breast  cancer  cells  is  due  to  PBR  gene  amplification  was  investigated  by  both 
DNA  (Southern)  blot  (Figure  2)  and  FISH  analyses  (Figure  3).  Southern  blot  analysis 
indicated  that  the  aggressive  MDA-MB-231  cells  contain  higher  (4- fold)  levels  of  PBR 
gene  compared  to  MCF-7  cells.  FISH  analysis  further  confirmed  these  results.  Counting 
over  200  cells  from  each  cell  line  showed  that  32%  of  the  MDA-MB-231  cells  have  3  or 
more  copies  of  the  PBR  gene  compared  to  only  4%  of  the  MCF-7  cells  (Table  I). 

Discussion 

This  study  used  both  FISH  and  Southern  blot  analyses  to  demonstrate 
amplification  of  the  PBR  gene  in  MDA-MB-231  cells,  which  are  an  aggressive,  estrogen 
receptor  (ER)  negative  human  breast  cancer  cell  line.  Conversely,  MCF-7  cells,  which 
are  a  non-aggressive,  ER  positive  human  breast  cancer  cell  line,  did  not  demonstrate 
amplification  of  the  PBR  gene.  The  in  vitro  growth  parameters,  invasive  and  metastatic 
behavior  of  the  cells  used  in  the  present  study  as  well  as  their  in  vivo  tumorigenicity  in 
nude  mice  has  been  previously  reported  [11,18].  In  agreement  with  these  studies,  we 
observed  that  MDA-MB-23 1  cells  grow  at  a  much  faster  rate  than  the  MCF-7  cells  in 
vitro  and  grew  tumors  when  implanted  in  SCID  mice  [15].  In  contrast,  MCF-7  cells  did 
not  grow  tumors  in  this  animal  model  system  (Hardwick  and  Papadopoulos,  unpublished 
data).  FISH  evaluation  showed  an  increased  copy  number  of  the  PBR  gene  in  over  30% 
of  the  cells  in  MDA-MB-231  compared  to  only  4%  of  MCF-7  cells.  The  FISH  assay  does 
not  rule  out  other  aberrations  of  chromosome  22.  Southern  blot  analysis  indicated  that 
MDA-MB-231  cells  contain  higher  (4-fold)  levels  of  PBR  gene  compared  to  MCF-7 
cells. 
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We  have  recently  shown  that  PBR  levels  are  greatly  increased  in  metastatic  breast 
tumors  compared  to  normal  mammary  epithelium  [11].  Further,  we  showed  that  PBR 
protein,  mRNA,  and  specific  ligand  binding  is  increased  in  aggressive  breast  cancer  cell 
lines  relative  to  non-aggressive  breast  cancer  cell  lines  [11].  This  correlation  was  most 
readily  seen  between  the  MDA-MB-231  and  MCF-7  cell  lines  and  has  subsequently  been 
confirmed  by  others  [12].  We  also  showed  that  the  ability  of  MDA-MB-231  cells  to 
form  tumors  in  vivo  might  depend  on  the  amount  of  PBR  present  in  the  cells  [15].  At 
the  conclusion  of  these  studies  we  discussed  the  possibility  that  these  increases  may  be 
due  either  to  amplification  of  the  PBR  gene  and/or  increased  transcription/translation  of 
the  gene  in  aggressive  tumors  relative  to  non-aggressive  tumors  and  normal  tissue  [11]. 

This  study  suggests  that  increases  in  PBR  expression  seen  in  previous  studies  may 
be  at  least  in  part  due  to  amplification  of  the  PBR  gene.  However,  gene  amplification 
does  not  appear  to  be  solely  responsible  for  the  increases  seen  in  PBR  expression  due  to 
the  fact  that  the  PBR  gene  is  increased  4-fold  and  PBR  mRNA  is  increased  at  least  20- 
fold  in  MDA-MB-231  cells  relative  to  MCF-7  cells  [11].  Therefore,  it  appears  that  the 
increase  in  PBR  expression  in  more  aggressive  cancers  is  the  result  of  both  gene 
amplification  and  increased  gene  transcription/translation. 

Given  the  upregulation  of  PBR  in  tumors  and  the  correlation  between  increased 
PBR  expression  and  the  aggressive  character  of  breast  cancer  cell  lines,  future  studies 
will  consider  whether  PBR  expression  can  function  as  a  prognostic  indicator  of  the 
progression  of  specific  cancers.  Presently,  we  do  not  know  whether  the  findings 
presented  in  this  study  represent  the  in  vivo  situation  in  human  biopsies  or  if  they  reflect  a 
peculiarity  of  the  cell  lines  used.  We  are  currently  investigating  whether  PBR  gene 
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amplification  also  occurs  in  human  biopsies  and  whether  this  amplification  could  be  used 
as  a  breast  cancer  prognostic  indicator. 
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Table  I. 


FISH  Analysis  of  MDA-MB-231  and  MCF-7  Human  Breast  Cancer  Cell 


Lines. 

Over  200  interphase  nuclei  were  isolated  from  both  MDA-MB-231  and  MCF-7  cells. 
Nuclei  were  labeled  with  a  BAC  fragment  containing  a  portion  of  the  PBR  gene  as 
described  in  Materials  and  Methods.  Nuclei  were  subsequently  counted  for  the  presence 
of  1 ,  2,  or  3  or  more  signals. 


Cells 

FISH  Signals 

1 

2 

3  or  more 

MDA-MB-231 

3  of  214  cells  (1%) 

143  of  214  cells(67%) 

68  of  214  cells  (32%) 

MCF-7 

16  of  2 10  cells  (7.5%) 

186  of  210  cells  (88.5%) 

8  of  210  cells  (4%) 
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Figure  Legends 


Figure  1.  MDA-MB-231and  MCF-7  cell  proliferation  rates.  Cells  were  plated  at  a 
density  of  2,000  cells  per  well  on  96  well  plates  and  followed  for  5  days.  Every  24 
hours,  cells  were  stained  with  Crystal  Violet.  Absorbance  was  read  at  570nm.  The 
results  shown  are  means  ±  S.D.  (n=8)  representative  of  3-4  independent  experiments. 

Figure  2.  DNA  (Southern)  blot  analysis  of  PBR  in  MCF-7  and  MDA-MB-231 
(MDA-231)  cells.  Genomic  DNA  was  digested  with  EcoR  I  and  hybridized  to  PBR  full- 
length  cDNA  probe  as  described  under  Materials  and  Methods. 

Figure  3.  FISH  analysis  of  PBR  gene  in  MCF-7  and  MDA-MB-231  (MDA-231)  cells. 

DNA  from  BAC  clone  dJ526I14  (Sanger  Molecular  Labs,  UK)  was  labeled  with  biotin- 
16-dUTP  and  hybridized  to  interphase  nuclei  prepared  from  the  2  cell  lines  MCF-7  and 
MDA-MB-231  as  described  under  Materials  and  Methods.  The  Biotin-labeled  DNA  was 
detected  using  fluorescein-avidin  DCS  (FITC).  MCF-7  cells  showing  2  FISH  signals  and 
MDA-MB-23 1  cells  showing  3  signals  are  shown. 
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